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ABSTRACT

We attempted to produce primer-dimers (PDs) from a
variety of primers with differing types and extents of
complementarity. Where PDs were produced they were
cloned and sequenced. We were unable to produce
detectable PDs either with individual primers alone or
with similar sequence primers even if they had 3
complementarity. These observations led to the hypo-
thesis that a system could be developed whereby the
accumulation of PDs in a PCR may be eliminated. We
demonstrate a method for the general suppression of
PD formation that uses a sequence of additional

nucleotides (a Tail) at the 5 ' ends of amplimers. Tailed

amplimers are present at low concentration and only
participate during early cycles of PCR. In subsequent
PCR cycles, amplification is achieved using a single
primer that has the same sequence as that of the Tail
portion of the early cycle primers, here we refer to this
as a Tag. When products are small, as with PDs, there is
a high local concentration of complementary sequences
derived from the Tail. This favours the annealing of the
complementary ends of a single strand produced by
tailed primer interactions and gives rise to ‘pan-handle’
structures. The formation of these outcompetes the
annealing of further Tag primers thereby preventing
the accumulation of non-specific PD products. This
aids the design of large multiplex reactions and
provides a means of detecting specific amplicons
directly in the reaction vessel by using an intercalating
dye.

INTRODUCTION

failed to produce detectable PDs (Ferieal, unpublished
observations). From these findings we reasoned that PDs derived
from inter-primer extension are good substrates for amplification
in subsequent cycles of PCR and that intra-primer interactions
would produce inefficiently amplified products and so enhance
amplification of the ‘true’ targets.

PD formation can be reduced by careful primer design, the
application of stringent conditions, the use of ‘hot-stgt15),
touch-down PCR(6) and/or enzyme formulations such as
AmpliTag Gold™ (7). There are many instances when it has been
desirable to combine several amplimer pairs in a multiplex reaction
(e.g 3,8—15). One problem enmtered when developinguftiplex
reactions is the increasing difficulty of eliminating all interactions
that promote the formation of PDs. In such situations where the
reactions may contain many primers at high concentration, it
becomes impossible to eliminate PDs using the above methods.
We have solved these problems using primers which are genome
specific at their 3ends and carry common extensions (Tails) at
their 3-ends. In addition, the reactions include Tail-specific primers
(Tags) which can prime from the newly synthesised sequence that
is complementary to the Tails. Low concentrations of specific
primers can therefore be used in combination with higher
concentrations of Tag to produce a wide range of specificities
without introducing large quantities of primer.

A switch from genomic priming, by the genome-specific
portions of the primers to Tail priming by the Tag, is brought
about by elevating the PCR annealing temperature. Switching is
accomplished by designing the primers such that thef the
Tag annealed to its complementary sequence is higher than that
of the genome-specific primed duplex. After at least two cycles
of genomic priming, the complement of any Tag sequence is
incorporated into the amplicon ends. After this has occurred the
annealing temperature is raised and the temperature switch

In the PCR, template-independent primer interactions can takffected. The subsequent amplification is then driven entirely by
place that give rise to non-specific products, notably primethe Tag primers. Tag-driven PCR is also favoured by incorporating
dimers (PDs) (1). Because primers are present at high concentize Tag primer at a higher concentration relative to the tailed
tions, weak interactions can occur between them. Complementargignomic primer analogous to Tags as used in MVR-BGR

of just one nucleotide between amplimeeBds can give riseto  Any product, including PDs, that may have formed during the
PD artefacts after 30 cycles (2). The same study showed thateiarly PCR cycles will have the complement of any Tag sequence
an analogous PCR, where there was'rmmmBplementarity, PDs incorporated into its ends. The single strands from these products
were still produced, albeit after 40 cycles. Another study by Ferriaerefore have complementary ends if the same Tail sequence is
et al (3) showed that undeold-start conditions, every possible used with each primer. The annealing of the complementary ends
combination of two different primers of a multiplex ARMS of small products is preferred because of their high local
reaction would give rise to PDs, irrespective of any primeconcentration and this promotes the formation of ‘pan-handle’
complementarity. Furthermore, each of the primers individuallgtructures that outcompetes the annealing of further Tag primers.
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Figure 1. HANDS scheme.X) Amplification of desired ampliconBj the prevention of accumulation of PDs through Panhandle formation. Open boxes are Tall
and Tag sequences; stippled boxes are newly synthesised sequences; filled boxes are genomic sequences. Arrow headsectimaief tABIA synthesis.

The combination of low tailed genomic primer concentration§2. Oligonucleotides H1T1, H2T1, 1171, 12T1, J1T1 and J2T1
and the formation of ‘pan-handle’ structures suppresses Pdbe three pairs of tailed ARMS (18) primers for the rebpec
formation. We have incorporated each of these aspects intadatection of the W1282X19), (42X (20) andAF508 (21)
system for the routine elimination of PDs; Homo-Tag Assistedystic fibrosis (CF) mutations.

Non-Dimer System (HANDS) (Fig. 1).

PD synthesis and cloning

MATERIALS AND METHODS PCR reaction mixes comprised 10 mM Tris—HClI, (pH 8.3) 1.2 mM
O|igonuc|e0tides MgC|2, 50 mM KCI, 0.01% 98|atin, dNTPs (1W eaCh) and

1 U DNA AmpliTag polymerase (P. E. Applied Biosystems).
The nucleotide sequences of the synthetic oligonucleotides @émers were UM and reaction volumes were D PCRs were
shown in Table 1. Primers for the PD synthesis reactions comprigerformed using a Hybaid Omnigene cycler. Thermal cycling
two groups and are aligned in Figure 2. An analysis of thettomprised 94C, 2 min; 60C, 2 min; 72C, 2 min for 35 cycles
homology was carried out using MegAlign, of DNAStar (Table 2)followed by a final extension of 7€ for 10 min.

Oligonucleotides S1 and S2 amplify across the multiple cloning Separate PD aliquotsClf pmol) were combined with
site of pCRScript SK(Stratagene); oligonucleotides S3 and S4CRScript SK (10 pg, Stratagene). Each vector/PD combination
are sequencing primers for pPCRScript'2idd are nested relative was purified using Geneclean Ill as directed by the manufacturer
to S1 and S2. (BIO 101 Inc.) then eluted in water and ligated. Ligation aliquots

Oligonucleotides G1 and G2 are designed to amplify avere used to transforfscherichia coliNM522 and apparent
fragment of the human apolipoprotein B (Apo B) géh&) insert positive clones were identified by blue/white screening
oligonucleotides G1T1 and G2T1 are tailed equivalents of G1 anging X-gal and IPTG.
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Table 1.0Oligonucleotides used in this study

Primer Sequence (5 '-3")
ACGCGTAGACGTCCAGTCAGACGTGTGCAG

A

B CTACGCGTGACACATGCGACTGACCATGAG
c ACGCGTAGACGTCCAGTCAGACGTGTGCAT
D
E
F

CTACGCGTGACACATGCGACTGACCATATG
GACGTACGACGTCCAGTCAGACGTGTGCAT
GATAGCGAGACACATGCGACTGACCATATG

S1 AGCGGATAACAATTTCACACAGG
S2 ATTAAGTTGGGTAACGCCAGGG
S3 AAACAGCTATGACCATGATTACG
S4 GTTTTCCCAGTCACGACGTTG
Gl CAGCCAAAACTTTTACAGGGATGGAGAACG
G1T1 GCGTACTAGCGTACCACGTGTCGACTCAGCCAAAACTTTTACAGGGATGGAGAACG
G2 CTCTGGGAGCACAGTACGAAAAACCACCT
G2T1 GCGTACTAGCGTACCACGTGTCGACTCTCTGGGAGCACAGTACGAAAAACCACCT
H1T1 GCGTACTAGCGTACCACGTGTCGACTAAGGTCAGTGATAAAGGAAGTCTGCATCAG
H2T1 GCGTACTAGCGTACCACGTGTCGACTCCTGTGGTATCACTCCAAAGGCTTTCCAT
11T1 GCGTACTAGCGTACCACGTGTCGACTAAAATTTCAGCAATGTTGTTTTTGACCAAC
12T2 GCGTACTAGCGTACCACGTGTCGACTCACTCAGTGTGATTCCACCTTCTGA
JIT1 GCGTACTAGCGTACCACGTGTCGACTCACTAATGAGTGAACAAAATTCTCACCATT
J2T2 GCGTACTAGCGTACCACGTGTCGACTGCCTGGCACCATTAAAGAAAATATCATTGG
K1T1 GCGTACTAGCGTACCACGTGTCGACTCGTGATTTGATAATGACCTAATAATGATGG
K2T1 GCGTACTAGCGTACCACGTGTCGACTCACTAATGAGTGAACAAAATTCTCACCATT
L1T3 GACGATACGACGGGCGTACTAGCGTAAAAATTTCAGCAATGTTGTTTTTGACCAAC
L2T1 GCGTACTAGCGTACCACGTGTCGACTTCACCTTGCTAAAGAAATTCTTGCTCGTTG
T1 GCGTACTAGCGTACCACGTGTCGACT
T2 ACTAGCGTACCACGTGTCGACT
T3 GACGATACGACGGGCGTACTAGCGTA
A Group 1 Table 2.Reagent and primer variables for amplicon detection by
Primer A ACG-CGTA-GACGTCCAGTCAGACGTGTGCAG intercalation
E: : g: E ACE/_xggm&gﬁEgggﬁggﬁgﬁgggggﬂ Replicate group type Primer(s) Taq (units)  DNA (ng)
+ Tails G1T1 + G2T1 25 0
B Grouwp 2 + Tails + Tag GITL+G2T1+T2 25 0
Coimer 8 ChmmTARGTGCCI e Genomi priming 1.+ 62 25 o0
Primer F GATA-GCGTGACACATGCGACTGACCATATG + Tails G1T1 + G2T1 2.5 10
+ Tails + Tag G1T1+G2T1+T2 25 10
Figure 2. DNAStar multiple sequence alignment of primers used to attempt PD G€nemic priming Gl+G2 2.5 10
synthesis.A) Alignment of the primers comprising group B) @Alignment of + Tails G1T1 + G2T1 0 10
the primers comprising group 2. + Tails + Tag GIT1+G2T1+T2 O 10
Genomic priming Gl+G2 0 10
DNA sequencing of PD clones + Tails GIT1+G2T1 0 0
o o ] ] + Tails + Tag GIT1+G2T1+T2 O 0
Plasmid aliquotsi{l ng) were amplified in 100l reactions using  onomic priming G1+G2 0 0

2 U AmpliTaq Gold (P. E. Applied Biosystems) and 500 nM
primers S1 and S2 in the buffer described for PD synthesis.

Thermal cycling using a P. E. Applied Biosystems 9600 cycler Forward and reverse sequencing reactions were carried out
comprised 15 min at 9€ followed by 35 cycles of 9€, 40 s;  using 0.5ug PCR product and primers S3 and S4 (6.4 pmol
65°C, 40 s and a final extension aPZ2for 7 min. PCR products primer per reaction). Dye terminator cycle sequencing was
were pre-treated to remove excess primers and dNTPS aperformed using araq dye terminator kit (P. E. Applied
purified using the T7 Sequenase PCR product sequencing Bipsystems) by a P. E. Applied Biosystems Catalyst 800 Turbo
(Amersham). They were then precipitated with isopropanoRobot and analysed using a P. E. Applied Biosystems 377
sequentially washed with 70% ethanol and 95% ethanol, air-drieditomated DNA sequencer. A contig from the unedited forward
and resuspended in water (@5 and reverse sequences for each clone was generated using the
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SegMan software of DNAStar. Finally, the respective contigs foB0°C, 1 min; 72C, 1 min, with a final extension at 72 for 10
the cloned PDs from each primer pair were aligned using thmin. Amplicon detection used 3% Nusieve agarose gels.
MegAlign software of DNAStar. DNAStar software was licensed The T1 Tag/Tail sequence had a preditigdf 72.5°C at 0.5uM

from Lasergene Inc. concentration in the PCR buffer as calculated using the Oligo 5.0
software. The PCR for PD1 above was duplicated except that a

Tag design combined annealing and extension step GiC7fbr 2 min was
used.

Tag sequences were designed to exhibit the following characteris-
tics: (i) they should have no known genomic target themselveB; q . f i by i lati
(ii) they should have higfis: (iii) they should not be prone to P''ect detection of amplicons by intercalation

PD formation by themselves or with other primers in the=or cold-start PCRs (19@ each) were carried out in triplicate
reactions; and (iv) they should have no stable secondary structiggntaining  YO-PRO-1 {3-Methyl-2-[[1-[3-(trimethylammonio)
Ollgonucleqtldes (1_3mers) were designed incorporating the 'eaﬁopyl]-l, 4-dihydroquinolin-4-ylideneJmethyllbenzo-1,3-0xazo-

frequent neighbouring pairs of bag28) and then examined for j; diiodide} (1 uM) from Molecular Probes Inc. Primers,

their_absence in known human genomic sequences in &nniate and polymerase additions were as shown in Table 2.
GenBank database. They were then combined to generate candig@igrmal cycling conditions for Tag-driven reactions were(94
26mers which were examined for self- and human genomic DN, 5 min followed by four cycles of 9€, 1 min; 64C, 1 min;

complementarity. Tag sequences are shown in Table 1. 72°C, 1 min; then 46 cycles of 9&, 1 min; 68C, 1 min then a

final soak at 72C for 10 min. Thermal cycling conditions for
DNA extraction non-tailed primer driven reactions were @4for 5 min followed
y 40 cycles of 94C, 1 min; 64C, 1 min then a final soak at
2°C for 10 min. A portion (854l) from each reaction was
'transferred to separate wells of flat bottomed 96-well plates
Dynatech) and analysed on a Fluoroskan fluorimeter (Denley).
e excitation wavelength was 485 nm and the emission filter
was 538 nm. Aliquots (28l) from the PCRs were then analysed
by gel electrophoresis.

The panel of samples was selected to include normal DNA?
DNA from a CFAF508 homozygote, examples of W1282X/+
G542X/+ heterozygotes and W1282k508, G542XAF508
compound heterozygotes. All DNA samples were prepared
described previously (3).

PCR reaction conditions

PCR reactions were carried out in the buffer described for PIble 3.Analysis of primer homologies and PD formation according to
PCRs. These were with or withoutb (CT20 ng) of human primer pair
genomic DNA as specified case-by-case. All tubes were soaked

at 94 C for 5 min, unless otherwise stated, before adding 2 U ofrimers Primer Homology 5' 3 PD Clones
Tag DNA polymerase (Kodak) in fl buffer. Thermal cycling groups (%) Overlap  Overlap  formed
was performed in 0.65 ml tubes using a P. E. Applied BiosystemMg+a 141 100 6 0 No 0

480 Thermal Cycler. All procedures generally accepted for

avoiding PCR carry-over contamination were emplof2®). ArB - 1x2 % 8 0 ves 3
Aliguots from the PCRs were analysed by gel electrophoresig+C ~ 1+1 96 6 0 No 0
through 3% Nusieve agarose gels. A+D 142 35 ) 0 Yes 7
. ] A+E  1+1 74 0 0 No 0
Preparation of Homo- and Hetero-tailed PDs AE 142 35 0 0 Ves 6
-[r)vlﬁ\ve PCRs (10 ?(alqpi We(rje }Etza;]‘;)rrpﬁel\sli Withﬁ;,lt genomic gyg 242 100 0 0 No 0
using primers an each) to give
Homo-tailed PD 1. Thermal cycling comprised 39 cycles of®*¢ 21 3% 8 0 ves 8
94°C, 1 min; 60C, 5 min; 72C, 1 min. Hetero-tailed PD 2 was B+D  2+2 93 0 0 No 0
prepared similarly using primers L1T3 and L2T1, providing the g+g 241 42 1 0 Yes 6
T3 and T1 5Tails. After PCR, reaction mixes for each PD were
+ 2+2 77 0 0 No 0
pooled and the whole of each sample was electrophoresed on a
1.5% Nusieve agarose preparative gel. PDs were extracted akdC  1+1 100 6 2 No 0
purified using a Qiaex Il Agarose Gel Extraction Kit (Qiagen), c+b  1+2 35 8 3 Yes 6
ethanol precipitated and resuspended in 10 mM Tris—HCI pH 8.% E 141 77 0 2 No 0
(30 ). PD dilutions were quantified by gel electrophoresis against
@X174Hadll DNA (1 pg). C+F 1+2 35 0 3 Yes nd
D+D  2+2 100 0 6 No 0
PCR of tailed PDs using Tag primers D+E  2+1 42 1 3 Yes nd
Both PDs were included in separate PCRs over the range &fF  2+2 83 1 6 No 0
10-139 molecules/5Qul reaction. For each PD there was an g+ 1+1 100 0 2 No 0
equivalent no PD negative control. PCRs for PD1 contained Ta
T1 (1uM); PCRs for PD2 contained Tag T1 and Tag T3(045 Ber 1+2 46 0 3 ves nd
each). Thermal cycling comprised 35 cycles of®41 min;  F*F  2+2 100 0 6 No 0
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AB1 CCCGGGGGAWCCGCCCACGCGTAGACGYCCAGTCAGACGYGTGCAGCT CATGGTCAGTCGCATGYGTCACGCGTAGGGCTAGAAGCGGCCGCC
AB6 CCCGGGGGATCCGCCCACGCGTAGACGTCCAGTCAGACGTGTGCAGCTTCATGGTCAGTCGCATGTGTCACGCGT  GGGCTAGAGCGGCCGCC
AB8 CCCGGGGGATCCGCCCACGCGTAGACGTCCAGTCAGACGTGTGCAGCT CATGGTCAGTCGCATGTGTCACGCGTAGGGGCTAGAGCGGLCGCC
A ACGCGTAGACGTCCAGTCAGACGTGTGCAG

B (rev comp.

CT CATGGTCAGTCGCATGTGTCACGCGTAG

AD1 CCCGGGGGA WCCGCCCACGCGTAGACGYCCAGTCAGACGYGTGCAGT TCATATGTGTCAGTCGCATGTGTCACGCGTAGGGGCTAGAGCGGCCGCC
AD2 CCCGGGGGA WCCGCCCACGCGTAGACGYCCAGTCAGACGYGTGCAGT TCATATGTGTCAGTCGCATGTGTCACGCGTAGGGGCTAGAGCGGCCGCC
AD3 CCCGGGGGA WCCGCCCACGCGTAGACGTCCAGTCAGACGTGTGCAGT TCATATG GTCAGTCGCATGTGTCACGCGTAGGGGCTAGAGCGGCCGCC
ADY  CCCGGGGGAATCCGCCCACGCGTAGACGTCCAGTCAGACGTGTGCAGGACCATATG GTCAGTCGCATGTGTCACGCGTAGGGGCTAGAGCGGCCGCC
AD8 CCCGGGGGA TCCGCCCACGCGTAGACGTCCAGTCAGACGTGTGCAGT TCATATG GTCAGTCGCATGTGTCACGCGTAGGGGCTAGAGCGGCCGCC
AD9 CCCGGGGGA TCCGCCCACGCGTAGACGTCCAGTCAGACGTGTGCAGTTTCATATG GTCAGTCGCATGTGTCACGCGTAGGGGCTAGAGCGGCCGCE
AD11 CCCGGGGGA TCCGCCCACGCGTAGACGTCCAGTCAGACGTGTGCAGT TCATATG GTCAGTCGCATGTGTCACGCGTAGGGGCTAGAGCGGCCGCC

A ACGCGTAGACGTCCAGTCAGACGTGTGCAG

D (rev comp.)

CATATG GTCAGTCGCAfGTGTCACGCGTAG

AF1  CCCGGGGGATCC GCCCAC GCGTAG ACGTCCAGTCAGACGTGTG CAGTT CATATGGTCAGTCGCATGTGTCACGCGTAGGGGCTAGAGCGGCCGLL
AF2 CCCGGGGGATCCGCCCGATAGCGAGACACATGCGACTGACCATATGGTCAGTCGCTGCACACGTCTGACTGGACGT CTACGCGT  GGGCTAGAGCGGCCGCC
AF3 CCCGGGGGATCC GCCCAC GCGTAG ACGTCCAGTCAGACGTGTG CATCT T CATGGTCAGTCGCATGTGTCACGCGT GGGCTAGAGCGGCCGCC
AFY4  CCCGGGGGATCC GCCCAC GCGTAG ACGTCCAGTCAGACGTGTG CATCT T CATGGTCAGTCGCATGTGTCACGCGT GGGCTAGAGCGGCCGCC
AF5 CCCGGGGGATCCCGCCCRC GCGTAG RCGTCCAGTCAGRCGTGTG CATCT T CATGGTCAGTCGCATGTGTCRCGCGT GGGCTAGAGCGGCCGCC
AF8 CCCGGGGGATCCCGCCCAC GCGTAG ACGTCCAGTCAGACGTGTG CATCT C CATGGTCAGTCGCATGTGTCACGCGT GGGCTAGAGCGGCCGCC
A AC GCGTAG ACGTCCAGTCAGACGTGTG CAG

F{rev comp.)

BE3 CCCGGGGGNATCCGCCCACGCGTAGACGTCC

CATATGGTCAGTCGCATGTGTCTCGCtate
AGTCAGACGTGTGCATATGGTCAGTCGCATGTGTCACGCGTAGGGGCTAGAGCGGCCGCC

BEG CCCGGGGGA TCCGCCCACGCGTAGACGTCCCAGTCAGACGTGTGCATATGGTCAGTCGCATGTGTCACGCGTAGGGGCTAGAGCGGCCGCC

BEQ CCCGGGGGA TCCGCCCACGCGTAGACGTCC
BE11 CCCGGGGGAATCCGCCCACGCGTAGACGTCC
BE12 CCCGGGGGATCCCGCCCACGCGTAGACGTCC
BE13 CCCGGGGGA TCCGCCCACGCGTAGACGTCC

AGTCAGACGTGTGCATATGGTCAGTCGCATGTGTCACGCGTAGGGGCTAGAGCGGCCGCC
AGTCAGACGTGTGCATATGGTCAGTCGCATGTGTCACGCGTAGGGGCTAGAGCGGCCGCC
AGTCAGACGTGTGCATATGGTCAGTCGCATGTGTCACGCGTAGGGGCTAGAGCGGCCGCC
AGTCAGACGTGTGCATATGGTCAGTCGCATGTGTCACGCGTAGGGGCTAGAGCGGCCGCC

E gACGTAC GACGTCC AGTCAGACGTGTGCAT

B ctcATGGTCAGTCGCATGTGTCACGCGTAG

BC3 CCCGGGGGATCC GCCCACGCGTAGACGTCC AGTCAGACGTGTGCAT CTTCATGGTCAGTCGCATGTGTCACGCGT GGGCTAGAGCGGCCGCC
BC6 CCCGGGGGATCC GCCCACGCGTAGACGTCC AGTCAGACGTGTGCAT CT CATGGTCAGTCGCATGTGTCACGCGT GGGCKAGAGCGGCCGCC
BC9 CCCGGGGGATCCCGCCCRCGCGTAGACGTCC AGTCAGACGTGTGCAT CTTCATGGTCAGTCGCATGTGTCACGCGT GGGCTAGAGCGGCCGCC
BC10 CCCGGGGGATCC GCCCACGCGTAGACGTCC AGTCAGACGTGTGCATGTGTCACGCGTAGCTTCATGGTCAGTCGCATGTGTCACGCGTAGGGGCTAGAGCGGCCGCC
BC14 CCCGGGGGATCCGCCC ! GCTAGAAGCGGCCGCC
BC15 CCCGGGGGATCCGCCC GGCTAGAGCGGCCGCC
B8C16 CCCGGGGGATCCGCCCGACGTAC GACGTCC AGTCAGACGTGTGCAT CTCATGGTCAGTCGCATGTGTCACGCGTAGGGGCTAGAGCGGCCGCC
BC17 CCCGGGGGATCCGCCC ACGTAC GACGTCCCAGTCAGACGTGTGCAT TGTCA CTCATGGTCAGTCGCATGTGTCACGCGTAGGGGCTAGAGCGGCCGLL
C ACGCGTAGACGTCC AGTCAGACGTGTGCAT

B (rev comp.

CTCATGGTCAGTCGCATGTGTCACGCGTAG

CD!  CCCGGGGGATCCGCCCGACGTAC GACGTCCAGTCAGACGTGTGCATCTC ATGGTCAGTCGCATGTGTCACGCGTAGGGGCTAGAGCGGCCGCC
CD2 CCCGGGGGATCCGCCC ACGTAC GACGTCCAGTCAGACGTGTGCATTGTCACTCATGGTCAGTCGCATGTGTCACGCGTAGGGGCTAGAGCGGCCGCC
CD3  CCCGGGGGATTCCGCCCRCGCGTAGACGTCCAGTCAGACGTGTGCAGGACCAT  ATGGTCAGTCGCATGTGTCTCGC TATGGGCTAGAGCGGCCGCC
C ACGCGTAGACGTCCAGTCAGACGTGTGCAT

C
D (rev comp.)

CAT ATGGTCAGTCGCATGTGTCACGCGTAG

CD6 CCCGGGGGATCCGCCCCGATAGCGAGACACATGCGACTGACCATATGG CAGCTGCACACGYCTGACTGGACGYCTACGCGTGGGCTAGAGCGGCCGCC
CD10 CCCGGGGGATCCGCCC GATAGCGAGACACATGCGACTGACCATATGGTC CTGCACACGTCTGACTGGACGTCTACG GGCTAGAGCGGCCGCC
CD13 CCCGGGGGATCCGCCC ATAGCGAGACACATGCGACTBACCATATGAACTACTGCACACGTCTGACTGGACGTCTACGCGTGGGCTAGAGCGGLCCGCC
D ctacGCGTGACACATGCGACTGACCATATG

C (rev comp.)

ATGCACACGTCTGACTGGACGTCTACGCGT

Figure 3. DNA sequence alignments of cloned PDs. Contigs derived from the forward and reverse sequencing of individual clonecdiRigsiakgtiee primers
from which they were produced. Rev comp. indicates that it is the reverse complement of the primer sequence that is sbtides Blumivn in lower case appear

to be deleted from the primers during PD formation

Multiplex HANDS reactions

Ten multiplex reactions were performed on a variety of genom
DNAs and a ‘no DNA control using tailed primers G1T1, G2T1,

complementarity between primers (Table 3). An analysis of
alignments of cloned PD sequences and the primers from which
't‘ﬁey were formed is shown in Figure 3.

H1T1, H2T1, 1171, 12T1, J1T1 and J2T1 at either 10 or 20 nM .
and the T1 Tag at M. The CF genotypes of the DNAs were N Homo-Tag inhibitory effect

AF508AF508, AF508/W1282X, AF508/G542X, W1282X/+,
G542X/+ and +/+. Thermal cycling conditions were @4or 5
min followed by four cycles of 94, 1 min; 60C, 1 min; 72C,
1 min; then 35 cycles of 9€, 1 min; 74C, 2 min; then a final
soak at 72C for 10 min. Aliquots (2%l) from the PCRs were

analysed by gel electrophoresis.

RESULTS
PD synthesis

PD1 carried Homo-Tails for use with a single Homo-Tag. PD 2 was
for use with separate Tag sequences. Secondary amplification of
these PDs with the respective Homo-Tag primer or Tag primer pair
confirmed inhibition of PD formation in the Homo-Tag system but
not the Hetero-Tag system (Fig. 4). Homo-Tailed PD1 was only
visible on gel analysis when #arget molecules were present in
the reaction. In contrast, the Hetero-Tailed PD 2 was efficiently
amplified to produce a visible band on a gel when as few as 10
molecules of target were present in the reaction. The Homo-Tag
format therefore suppressed PD formation by a factor®f 10

The accumulation of PDs when a primer from either group 1 or The T1 Tag/Tail sequence had a predidigaf 72.5C in the
group 2 was combined with another from the same group (Fig. PCR buffer. The annealing temperature of the T1 Tag primed
was not detectable. PD synthesis was pronounced when primBGR of PD1 was raised to /4. The inhibition of PD formation
from each group were combined. Any one primer in isolatiolmf the Homo-Tag system was consequently reduced due to
would not give rise to detectable PDs as shown previously (R.Ferridgstabilisation of the ‘pan-handle’ structure. By increasing the
unpublished). These observations were upheld irrespective of aagnealing temperature of the PCR cycles abovElud the Tail
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12345678910

123456783810
B

Figure 4. PD reamplification. ) Homo-Tailed PD1 reamplified using Tag
primer T1. B) Hetero-Tailed PD2 reamplified using Tag primers T1 and T3. (A
and B) Lane 1, 8 PD molecules; lane 2, 8®D molecules; lane 3, 1®D
molecules; lane 4, £PD molecules; lane 5, 1@D molecules; lane 6, 48D
molecules; lane 7, 0PD molecules; lane 8, 100 PD molecules; lane 9, 10 PD
molecules; lane 1@X174MHadll size marker.

123456 78810111213

1234567 8910111213

1234586 768010111213

Figure 5. (A) ApoB PCRs with conventional primer&)(ApoB PCRs with
tailed primers; C) ApoB HANDS PCRs. (A—C) Lane {X174MHadll size
marker; lanes 2—4, with template DNA, withdailg DNA polymerase; lanes
5-7, without template DNA, withodiaq DNA polymerase; lanes 8-10, with
template DNA, withTaq DNA polymerase; lanes 11-13, without template
DNA, with TagDNA polymerase.

sequence, PD1 was re-amplified when fewe®)(18mplate
molecules were present in the reaction (data not shown).

1 2 34 567 89 10

ApoB
W1282%
AFS08
GH42X

Figure 6.Multiplex ARMS using HANDS. Lane X174Ha€ll size marker;
lanes 2-10, ARMS analyses of CF genotypes; ladd-208AF508; lane 3,
AF508/G542X; lane 4AF508/W1282X; lanes 5 and 6, W1282X/+; lane 7,
G542X/+; lanes 8-10, +/+. Control and ARMS allele-specific amplicons are
shown.

Table 4.Fluoresence readings after YO-PRO-1 intercalation

Substrate DNA Genomic (untailed) Tailed Tailed + Tag (HANDS)
Yes 35.18 34.13  25.56
No 33.27 30.79 17.34

Direct detection of amplicons by intercalation

Gel analysis of PCRs containing YO-PRO-1 showed no visible
amplicon whenTag DNA polymerase was omitted. Genomic
(untailed) primers gave rise to specific amplicon in the presence
of genomic DNA only and to PDs either in the presence or
absence of genomic DNA. Similar results were obtained using
tailed equivalents to the genomic primers. When the Tag primer
was included to drive PCR, only the specific amplicon was
produced (Fig. 5). Table 4 shows mean fluorescence readings
from the reactions that contain€éaq DNA polymerase.

Multiplex HANDS reactions

Multiplex HANDS reactions with DNAs of different CF
genotypes were undertaken using tailed ARV primers. Only

when the appropriate allele was present was the respective amplicon
produced; furthermore, there was no visible PD accumulation

(Fig. 6).

DISCUSSION

PDs are routinely observed in PCRs. They are not derived from
template DNA and they can complicate experimental analysis. For
example, PDs might be expected to obscure the true result in
multiplex PCRs, RAPD analyses, differential display, amplicon
cloning and in quantitative PCR methods. We have gone some way
to understanding how PDs are produced by synthesising, cloning
and sequencing them. We show that there is no one single
mechanism for their formation since there are examples where
(i) nucleotides are deleted from tHeeBd of one or both amplimers,

(i) a seemingly random sequence of nucleotides is inserted between
the 3 ends of amplimers, (ii)) a sequence of nucleotides derived
from one of the amplimers is inserted between the amplimers, and
(iv) where there is'3complementarity, overlap extension of the
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